• Literature on socioeconomic status (SES) and incidence of venous thromboembolism (VTE) is scarce.
Introduction
Thrombosis is a common pathology underlying ischemic heart disease, ischemic stroke and venous thromboembolism (VTE) [1] . Recent reports showed that venous thromboembolism is a leading cause of disability-adjusted life years and that more detailed data on the global burden of venous thromboembolism are needed to inform policy and resource allocation in health systems [1, 2] . Because socioeconomic status predicts mortality and morbidity wherever and whenever it is sought, it is understandable that governments have chosen to reduce social inequalities as one of their top objectives and call for a decrease of the disparity in life expectancy between populations with different socioeconomic backgrounds [3, 4] . Previous reports have shown that ischemic heart disease and ischemic stroke are markedly more common in those who are socially disadvantaged [5, 6] . Other studies found that increased levels of procoagulant factors (like factor VIII and von Willebrand factor) are more commonly present in socially disadvantaged individuals [7] [8] [9] . These coagulation factors are also associated with venous thromboembolism [10] and, to a lesser extent, with ischemic heart disease and ischemic stroke [11, 12] . However, little research has been conducted on the association between socioeconomic status and venous thromboembolism. Furthermore, previous research has only focused on individual patient data and not on neighborhood data [13] [14] [15] [16] .
For this purpose we set out to determine if neighborhood socioeconomic status is associated with risk of venous thromboembolism in a large dynamic population-based study from the Netherlands (N > 1.4 million inhabitants).
Methods

Study population
This is a dynamic population-based study that covers three urban districts in which the Dutch anticoagulation clinics of the cities of The Hague, Leiden and Utrecht operate. In order to obtain the size of the population living in these three districts, we used information that is freely available from the electronic databank of Statistics Netherlands [17] . In this databank we selected all four-digit postal codes that are covered by the aforementioned anticoagulation clinics (Fig. 1) . Anticoagulation clinics have a particular postal code area in which they operate and provide locations for blood drawing. However, patients are not assigned to an anticoagulation clinic based on their four-digit postal code. At the edges of the operating area of one anticoagulation clinic, there may be overlap with another anticoagulation clinic, giving patients a choice at which anticoagulation clinic they register. Also, patients from one urban district can register at an anticoagulation clinic from a different urban district.
In order to determine at which anticoagulation clinic patients (with a specific postal code) generally would register, we used the location finder on the website of the Federation of Dutch Anticoagulation Clinics [18] and information from individual anticoagulation clinics on locations where patients can have blood drawn. If postal codes were completely or partly covered by an anticoagulation clinic that was not one of the aforementioned anticoagulation clinics, these postal codes were excluded. We therefore only included postal codes of municipalities for which one of the aforementioned anticoagulation clinics was the nearest in distance and/or the only anticoagulation clinic to have a location for blood drawing (n = 286 postal codes).
From the data of the electronic databank of Statistics Netherlands we obtained the number of individuals aged 15 years or older who lived in this postal code area in the year 2010. This information could further be stratified by sex and 5-year age categories. In this study we assumed that the total number of individuals who lived in this area was stable without major changes in the population sex and age structures over the observation period running from 1 January 2008 to 1 January 2013.
Outcome: patients with venous thromboembolism
All patients with a first new onset of VTE between 1 January 2008 and 1 January 2013 who were treated at one of the three aforementioned anticoagulation clinics in the Netherlands and for whom a four-digit postal code was available, were included. Patients were only included if they were over 15 years of age.
In the Netherlands, outpatients with VTE who receive vitamin K antagonists are enrolled by anticoagulation clinics. Therefore, we miss information in this study about patients with cancer and VTE who only receive low-molecular-weight heparins (LMWHs). Of note, in the time covered, direct oral anticoagulant (DOAC) treatment for VTE had not yet been widely introduced in the Netherlands [19] , making it unlikely that we missed patients who were not treated with vitamin K antagonist but with DOACs at the study time covered.
Baseline data of the patients were provided by the anticoagulation clinics and included age at onset of VTE, sex, and type of VTE (i.e. deep vein thrombosis or pulmonary embolism). The data of the patients could be merged by postal code with the information that we obtained from the electronic databank of Statistics Netherlands.
Ethical approval
Patients' data were encoded prior to analysis. Use of observational data in descriptive studies in the Netherlands is not considered as an interventional trial according to Directive 2001/20/EC and to Dutch legislation, and therefore does not need to be submitted to a medical ethics committee for approval.
Exposure: definition of neighborhood socioeconomic status Neighborhood socioeconomic status was based on the status score from the Netherlands Institute for Social Research [20] . This score is calculated every 4 years and is available for all four-digit postal codes with more than 100 households. The status score is often used by government institutions and municipalities to allocate and evaluate healthcare programs [21, 22] . Using the four-digit postal code as an identifier, we merged status score with the data on patients from the three aforementioned anticoagulation clinics. The status score of a four-digit postal code area is based on mean household income, the percentage of households with a low income, the percentage of inhabitants without a paid job and the percentage of households with on average a low level of education. The status score combines these four variables into a continuous variable, where the higher the score, the higher the socioeconomic status of a neighborhood is. However, the value of the status score of a four-digit postal code area has no absolute meaning. It should be compared with the status score of another four-digit postal code area or evaluated over time to make statements about the relative neighborhood socioeconomic status of the four-digit postal code area of interest [23] . Because the observation period of this population-based study runs from 1 January 2008 to 1 January 2013, we used status score information from the year 2010 as a constant estimate of neighborhood socioeconomic status during the observation period.
Statistical analysis
We assessed the incidence of first VTE in the study population covering the years 2008 up to and including 2012. To calculate incidence rates of first VTE, we used the number of cases with a first onset of VTE as the numerator and the sum of individual person-time contributed by the total resident population of the postal code area covered as the denominator. Five-year age-specific and sexspecific incidence rates were calculated.
We categorized status scores of the postal codes a priori into four groups (< 15th, 15-30th, 30-70th and > 70th percentiles), in which the group < 15th percentile included postal codes with the lowest status scores and the group > 70th percentile postal codes with the highest status scores. This categorization was a priori chosen as we previously observed in the MEGA follow-up study that the risk of death increased dose dependently at a threshold of the 30th percentile level of status score [24] . A priori we also decided to further stratify these percentiles into 70-85th, 85-90th, 90-95th, 95-99th and > 99th percentile groups (for the upper status score levels) and 10-15th, 5-10th, 1-5th and < 1st percentile groups (for the lower status score levels). Incidence rate ratios with 95% confidence intervals (CIs) were calculated and adjusted for age 100 km (three age groups: 15-50 years, 50-70 years and ≥ 70 years) and sex by the Mantel-Haenszel procedure using Ken Rothman's Episheet [25] . We also stratified the results on type of venous thromboembolism (i.e. deep vein thrombosis or pulmonary embolism).
We performed a restriction analysis to assess potential survivor bias, because from the literature it is known that the mortality rate among lower socioeconomic groups is higher than that among higher socioeconomic groups [4, 26] . For this analysis, we restricted the population to individuals who were < 50 years old. From the literature it is known that the incidence of VTE differs between ethnic groups [27] . We therefore performed a sensitivity analysis in order to assess whether ethnicity could have acted as a confounder in our analyses. We retrieved information from the electronic databank of Statistics Netherlands to determine the percentage of inhabitants with a foreign background in the different status score groups. Inhabitants with a foreign background in the Netherlands are divided into two groups by Statistics Netherlands: Western origin and non-Western origin. Inhabitants of Western origin are native to European countries, North America, Oceania, Indonesia or Japan. Because of their socioeconomic and cultural position, natives from Indonesia and Japan are classified as Western-origin immigrants by Statistics Netherlands. In the Netherlands, immigrants of Western origin are mainly from Eastern Europe, Germany and Indonesia. Inhabitants of non-Western origin are native to African, Latin American and Asian countries, excluding Indonesia or Japan. In the Netherlands, immigrants of non-Western origin are mainly from Morocco, Suriname, the Netherlands Antilles and Turkey [17] .
Results
Study population
In the year 2010, 1 494 310 inhabitants over 15 years of age lived in the selected postal code area covered by the anticoagulation clinics of The Hague, Leiden and Utrecht (n = 286 postal codes). These inhabitants provided 7 471 550 person-years at risk for a first VTE event in the years 2008 up to and including 2012.
Patients
Of the 7909 patients with a first new onset of VTE between 1 January 2008 and 1 January 2013, 526 were excluded from the study because they had a postal code that was completely (n = 484) or partly (n = 42) covered by an anticoagulation clinic that was not included in this study. Also, patients with a postal code that was not registered in the electronic databank of Statistics Netherlands (n = 8) or patients with an unknown postal code (n = 2) were excluded (Fig. 2) .
The characteristics of the 7373 included patients with a first VTE are shown in Table 1 . There were 4048 women (54.9%) and 3325 men (45.1%), and the median age at the first VTE event was 61 years (IQR 46-74). About half of the patients (n = 3707) had deep vein thrombosis (DVT) and the other half of the patients (n = 3666) had pulmonary embolism (PE) with or without DVT.
Incidence of first venous thromboembolism
The incidence of first VTE was 0.99 per 1000 personyears (95% CI, 0.96-1.01) and increased exponentially with age in both men and women (see Fig. 3 and Table S1 ). Premenopausal women (in the age group 15-50 years) had a higher incidence rate of first VTE (0.60 per 1000 person-years) compared with men (0.39 per 1000 person-years). However, in the age group 50-70 years men had a higher incidence rate of first VTE per 1000 person-years). In the age group ≥ 70 years the incidence rate of first VTE in women was again higher than the incidence rate in men, with 2.94 per 1000 person-years and 2.60 per 1000 person-years, respectively.
Risk of venous thromboembolism in groups with different levels of status score Table 2 shows the age-and sex-adjusted incidence rate ratios of first VTE for different groups of status score compared with the 30-70th percentile group (reference group). As shown, a higher neighborhood socioeconomic status, compared with the reference group, was associated with a lower incidence of first venous thromboembolism. In the two highest percentile groups (the 95-99th and > 99th percentiles, respectively), the incidence rate ratios were 0.91 (95% CI, 0.84-1.00) and 0.80 (95% CI, 0.69-0.93), compared with the reference group. In contrast, in the lower status score groups the incidence rates of first venous thromboembolism remained similar to the incidence rate of the reference group, except for the < 1st percentile group (incidence rate ratio was 0.63; 95% CI, 0.50-0.79). Table 3 shows the results of the analysis in which the data were stratified on type of VTE (i.e. DVT or PE). For deep vein thrombosis, the incidence rate ratios showed a similar relationship to that in the analysis on all venous thromboembolism. A higher neighborhood socioeconomic status, compared with the reference group, was associated with a lower incidence of first DVT. In the > 99th percentile group the incidence rate ratio of first DVT was 0.77 (95% CI, 0.63-0.96), compared with the reference group. In the lower status score groups the incidence rate of first DVT approximately equaled the incidence rate of the reference group. However, in the < 1st percentile group the incidence rate ratio of first DVT was again lower, at 0.68 (95% CI, 0.50-0.93), compared with the reference group.
For pulmonary embolism, the incidence rates of the higher status score groups were approximately the same as the incidence rate of the reference group. However, in the > 99th percentile group the incidence rate ratio of first PE was lower, at 0.82 (95% CI, 0.67-1.01), compared with the reference group. For the lower status score groups, the incidence rates of first PE were slightly lower, compared with the reference group. In the < 1st percentile group the incidence rate ratio was 0.57 (95% CI, 0.42-0.76), compared with the reference group.
Sensitivity analyses
In the age group 15-50 years, the incidence rate ratios stratified by the lower status score percentiles were the same as the incidence rate ratios of the total group of patients ( Table 4 ), suggesting that survivor bias did not play a role in the initial results. In Table 5 the percentage of inhabitants with a foreign background is shown per percentile group of status score. As shown, in postal code areas with a status score lower than the 30th percentile, 
Discussion
This dynamic population-based study, which covered the three urban districts of The Hague, Leiden and Utrecht in the Netherlands, showed an association between neighborhood socioeconomic status and incidence rate of first venous thromboembolism, where a higher neighborhood SES was associated with a lower incidence of VTE. Our observed overall incidence rate of first VTE of approximately 1 per 1000 person-years is consistent with the literature [1, 27, 28] , albeit in the lower margin of normal. This can be explained by the fact that guidelines recommend treating patients with cancer and acute VTE with LMWH and these patients are therefore not registered at an anticoagulation clinic [29] [30] [31] . Therefore, our population-based study is likely to under-represent patients with cancer and acute VTE, leading to a lower incidence of VTE as compared with studies that could include all patients with first VTE [32, 33] . Another explanation for our observed incidence being in the lower margin of normal is that the in-hospital mortality rate of pulmonary embolism is not negligible. One retrospective study described an in-hospital mortality rate of 17.4% [34] ; another study described a mortality rate of 11.4% at 2 weeks [35] . Patients with pulmonary embolism who have died in hospital are not included in our study (as they will never register at an anticoagulation clinic), leading to a lower incidence of first VTE compared with other studies. Our results are therefore only generalizable to outpatients with VTE. Furthermore, this in-hospital mortality could also be an explanation for the difference in incidence rate ratios when the results were stratified for DVT and PE.
We confirmed that premenopausal women have higher incidence rates of first VTE than men. We also found that postmenopausal women have slightly lower incidence rates than men until the age of about 70-75 years, after which the incidence rate in women is again higher [32] . Our results show that the distribution of first VTE events is 50% DVT and 50% PE. This is consistent with findings from Heit et al., who showed an increase in PE incidence from two-thirds DVT and one-third PE in 1981-2000 to half DVT and half PE in 2001-2009, possibly because of increased use and improved quality of imaging techniques [27] . Our finding that socioeconomic status is associated with first VTE, has been previously described in the literature [13] . Also, associations between low income, low educational status or low occupational class and (hospitalization for) VTE have been described [14] [15] [16] . These studies are based on individual patient data and the results could be adjusted for many confounders such as age, sex and ethnicity. Our study has added value to previous studies, because our study is not limited to only male individuals [16] or individuals who were hospitalized for VTE [13] [14] [15] [16] . Nevertheless, because our study is based on aggregate data, we were not able to adjust for potential confounders other than age and sex. Correction for other variables that are related to socioeconomic status, for example acquired risk factors such as hormone therapy, pregnancy or obesity, could have led to different results. Nevertheless, even if this had been possible, such results should be interpreted with caution as the causal relations are not very clear: these variables could be results, rather than causes, of SES, and therefore be mediators and not confounders. There is no consensus in the literature on which measurement of socioeconomic status is best to use [36] [37] [38] . However, by using the status score, we combined educational levels, income and unemployment as a measure of socioeconomic status, which we think is more indicative of neighborhood socioeconomic status than educational level or income alone [36, 38] .
We found an association between neighborhood socioeconomic status score and incidence rate of first venous thromboembolism, except for the lowest percentile of status score. Possible explanations for this unexpected lower incidence in the lower socioeconomic groups were: (i) survivor bias, (ii) ethnicity, (iii) under-reporting of venous thromboembolism and (iv) a U-shaped effect. First, we performed a restriction analysis to determine whether survivor bias influenced the results. However, in the age group 15-50 years the incidence rate ratios of first VTE are similar to the incidence rate ratios in the total group of patients, which suggests that survivor bias is unlikely. Second, from the literature it is known that the incidence of VTE differs between ethnic groups: Asians have a lower incidence rate of VTE and African-Americans have a higher incidence rate [27, 39, 40] . However, inhabitants with a foreign background in the Netherlands are mainly from Turkey, Morocco, the Netherlands Antilles and Suriname [17] . Our results, as expected, show that the percentage of these inhabitants strongly increases with decreasing status score. Z€ oller et al. found an incidence rate ratio for VTE of 0.5 for first-and second-generation immigrants from Turkey compared with native-born Swedes [41] . Also, a low incidence of DVT in a Black Caribbean population (11-17/100 000) has been documented previously [42] . Unfortunately, there are currently no other estimates of the incidence of VTE among these ethnic groups.
It is possible that the lower incidence rate ratios in the lower status score groups could be explained by the increase of inhabitants with a foreign background, meaning that ethnicity acted as a confounder and caused lower incidence rates of first VTE in the lower socioeconomic groups. Our third explanation for the lower incidence rate of first VTE is that inhabitants of non-Western origin, especially of Turkish and Moroccan origin, make less use of hospital care than native Dutch inhabitants [43] . This could lead to the under-reporting of VTE events and therefore a lower incidence rate among the lower socioeconomic groups. Our last explanation is that the effect in the lower socioeconomic status group is not biased and that there is a U-shaped effect, meaning that both higher and lower socioeconomic status are associated with a lower incidence of first VTE. Nevertheless, previous studies have always reported a higher incidence of VTE among lower socioeconomic groups [13] [14] [15] [16] .
Our study contained a large population at risk and selected patients at the anticoagulation clinics, where all patients with VTE, with the exception of patients with cancer who receive LMWH, were enrolled. A limitation is that we therefore are likely to have underestimated the incidence rate of first VTE as patients with VTE and cancer are under-represented in this study. Furthermore, it is possible that a small number of non-cancer patients are treated with LMWH, and not vitamin K antagonists, by decision of their doctor. As this is not according to Dutch Guidelines, this will be a small number of patients with a negligible influence on our estimated incidence. In addition, we may have underestimated the risk as a result of the inclusion of four-digit postal code areas in which there is an overlap between an included and not-included anticoagulation clinic. However, these are the smaller four-digit postal code areas in the countryside, meaning that we will only miss a small proportion of cases with a small influence on the estimated incidence rates. Furthermore, 15 postal codes had less than 100 households and had therefore no information on status score. These postal codes could therefore not be used in the analysis. Nevertheless, these postal codes contributed only 7325 person-years and nine patients with VTE to the study, and will therefore have a negligible influence on the estimated incidence rates for the different groups of status score. Of note, the status score is determined on a national level. Our study included postal codes covered by the anticoagulation clinics of Leiden, the Hague and Utrecht. Compared with the rest of the Netherlands these postal codes represent higher socioeconomic status. This explains why the 99th percentile group contains more than 3% of all person-years.
Another limitation concerns the status score exposure that combines four measurements that are indicative of socioeconomic status. To our knowledge status score has not frequently been used in previous studies on socioeconomic status and disease, probably because the measure is only available for the Netherlands. A previous study showed an increased risk of death with decreasing status score in the Netherlands [24] . This is consistent with the literature [3, 4] . Status score depicts the average socioeconomic status of a four-digit postal code area. Therefore, for the smaller four-digit postal code areas this average will be more representative of the real socioeconomic status of all inhabitants than for the larger four-digit postal code areas. Although status score is considered representative for the larger four-digit postal code areas as well [20] , our results apply only on a population level and cannot be directly extrapolated to the individual. In addition, status score is only a proxy for individual socioeconomic status. Our results will therefore yield measurement error of individual socioeconomic status and risk of venous thromboembolism, meaning that the associations that we found would probably have been stronger if socioeconomic status was measured on an individual level.
The mechanisms leading to a decreased risk of first VTE among the socially advantaged are largely unknown. Several studies have shown lower levels of circulating inflammatory and hemostatic markers, and increased fibrinolysis, in higher social class groups [7] [8] [9] . Also, associations between obesity and several diseases, and higher risk of VTE, have been described [15, 16, 44] . These health issues are often less prevalent among individuals with higher socioeconomic status. Furthermore, acquired risk factors for VTE, such as immobilization as a result of physical inactivity [45] or trauma/injury as a result of occupational risks, are less common among the socially advantaged [46] . However, more research is needed to explain which factors are responsible for the decreased risk of venous thromboembolism in higher socioeconomic groups and to identify what interventions could lower the risk in individuals with a lower socioeconomic status.
In conclusion, this population-based study shows that higher socioeconomic status is associated with lower risk of first venous thromboembolism. 
